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Increased Cardiovascular Risk in 
Breast Cancer Patients  
Aumento do Risco Cardiovascular em Pacientes com Câncer de Mama
Aumento del Riesgo Cardiovascular en Pacientes con Cáncer de Mama 

RESUMO
Objetivo: O câncer de mama associa-se ao risco cardiovascular aumentado, uma vez que as doenças cardiovas-
culares são a principal causa de morte não-oncológica nessa parcela populacional. Método: O presente estudo do 
tipo Revisão Integrativa analisou 46 artigos selecionados nas bases PubMed/MEDLINE, SciELO e Europe PMC, 
objetivando sintetizar evidências sobre os mecanismos fisiopatológicos, agentes cardiotóxicos e estratégias de 
prevenção e monitoramento cardiovascular em pacientes com câncer de mama. Resultados: Os achados eviden-
ciaram que antraciclinas, trastuzumabe, inibidores da aromatase, inibidores de CDK 4/6 e radioterapia torácica são 
as principais terapias que induzem cardiotoxicidade, e, são potencializadas por fatores de risco como obesidade, 
hipertensão, síndrome metabólica e menopausa induzida. Biomarcadores cardíacos e strain longitudinal global 
demonstraram superioridade na detecção precoce de disfunção cardíaca subclínica. Conclusão: Portanto, a inte-
gração entre cardiologia e oncologia, com estratificação individualizada do risco e acompanhamento longitudinal, 
são essenciais para redução da morbimortalidade cardiovascular entre pacientes com câncer de mama ou sobre-
viventes.
DESCRITORES: Neoplasias da Mama; Fatores de Risco Cardiovascular; Cardio-Oncologia; Cardiotoxicidade; Saúde 
da Mulher.

ABSTRACT
Objetive: Breast cancer is associated with increased cardiovascular risk, as cardiovascular diseases are the leading 
cause of non-oncological death in this population. Method: This Integrative Review analyzed 46 articles selected 
from PubMed/MEDLINE, SciELO, and Europe PMC databases, aiming to synthesize evidence on the pathophysio-
logical mechanisms, cardiotoxic agents, and cardiovascular prevention and monitoring strategies in breast cancer 
patients. Results: The findings showed that anthracyclines, trastuzumab, aromatase inhibitors, CDK 4/6 inhibitors, 
and thoracic radiotherapy are the main therapies inducing cardiotoxicity, and are potentiated by risk factors such 
as obesity, hypertension, metabolic syndrome, and induced menopause. Cardiac biomarkers and global longitudinal 
strain demonstrated superiority in the early detection of subclinical cardiac dysfunction. Conclusion: Therefore, the 
integration between cardiology and oncology, with individualized risk stratification and longitudinal follow-up, are 
essential for reducing cardiovascular morbidity and mortality among breast cancer patients and survivors.
DESCRIPTORS: Breast Neoplasms; Cardiovascular Risk Factors; Cardio-Oncology; Cardiotoxicity; Women's Health. 

RESUMEN
Objetivo: El cáncer de mama se asocia a mayor riesgo cardiovascular, siendo las enfermedades cardiovasculares 
la principal causa de muerte no oncológica en esta población. Método: Esta Revisión Integrativa analizó 46 artí-
culos de PubMed/MEDLINE, SciELO y Europe PMC, sintetizando evidencias sobre mecanismos fisiopatológicos, 
agentes cardiotóxicos y estrategias de prevención cardiovascular en pacientes con cáncer de mama. Resultados: 
Las antraciclinas, trastuzumab, inhibidores de aromatasa, inhibidores de CDK 4/6 y radioterapia torácica son las 
principales terapias inductoras de cardiotoxicidad, potenciadas por obesidad, hipertensión, síndrome metabólico y 
menopausia inducida. Los biomarcadores cardíacos y el strain longitudinal global demostraron superioridad en la 
detección precoz de disfunción cardíaca subclínica. Conclusión: La integración entre cardiología y oncología, con 
estratificación individualizada del riesgo y seguimiento longitudinal, son esenciales para reducir la morbimortalidad 
cardiovascular en pacientes con cáncer de mama y supervivientes.
DESCRIPTORES: Neoplasias de la Mama; Factores de Riesgo Cardiovascular; Cardio-Oncología; Cardiotoxicidad; Sa-
lud de la Mujer. 
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INTRODUCTION

B reast cancer is the most com-
mon malignant neoplasm 
among women worldwide, con-

stituting a significant public health 
problem due to both its prevalence 
and its associated clinical outcomes. 
Over the past three decades, cancer 
mortality has declined significantly as 
a result of early screening in primary 
care combined with advanced surgical 
methods and the most modern ther-
apies available, leading to higher sur-
vival rates among patients(1) . How-
ever, despite the positive impact on 
the survival of cancer patients, these 
treatments have led to an increase in 
morbidity resulting from the adverse 
effects of modern cancer therapies, 
such as acute y organ damage, partic-
ularly in the cardiovascular system(1-2) 
. Another factor worth highlighting 
is the common risk factors shared by 

cardiovascular disease (CVD) and 
breast cancer, which act as predispos-
ing factors for increased cardiac risk 
in women undergoing antineoplas-
tic therapies, such as: advanced age, 
smoking, diet, obesity, physical inac-
tivity, and dyslipidemia—which are 
also factors that influence the devel-
opment of neoplasms(3) .

According to the European Society 
of Cardiology (ESC)(1), current can-
cer treatments such as chemotherapy, 
targeted therapies, radiation therapy, 
and hormone therapy can  induce 
cardiotoxicity; however, this adverse 
effect is often underdiagnosed due 
to the current inability to identify 
and the need to elucidate the long-
term effects of these medications, 
which results in failures to prevent 
adverse cardiovascular outcomes(2) . 
Thus, robust epidemiological studies 
demonstrate that women with breast 
cancer have an increased risk of death 

from CVD compared to the general 
population, as found in a systematic 
review conducted by Gernaat et al. 
(2017), involving more than 1.2 mil-
lion women with breast cancer, which 
confirmed a significant increase in 
the risk of cardiovascular mortality in 
this population(4) . In another obser-
vational cohort study, Bradshaw et al. 
(2017) demonstrated that the risk of 
death from cardiovascular causes be-
comes evident on average 7 years after 
a breast cancer diagnosis in women 
who received chemotherapy(5) . Sim-
ilarly, Armenian et al. (2016) noted 
in a retrospective cohort study that 
cardiovascular diseases among adult 
female breast cancer survivors repre-
sent late effects of cancer therapies, 
generally occurring after the end of 
treatment(6) . 

Among the main known cardiovas-
cular complications in patients with 
breast cancer are cardiac dysfunc-
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tion—particularly left ventricular 
dysfunction—and heart failure, in ad-
dition to oth y cardiovascular condi-
tions such as coronary artery disease, 
arrhythmias, and thromboembolic 
events(7) .

Among the main chemotherapeutic 
agents associated with cardiotoxicity 
in cancer patients are anthracyclines, 
such as doxorubicin and epirubicin(8) 
. Anthracycline-induced cardiac dys-
function typically develops approxi-
mately 3.5 months after completion 
of treatment with this class of drugs, 
with nearly all cases emerging with-
in 1 year of treatment completion(8) 
. Anthracyclines are responsible for 
the development of cardiomyopathies 
characterized by dose-dependent, 
cumulative, and irreversible cardiac 
damage, typically manifesting early—
such as left ventricular dysfunction—
or only decades after the end of che-
motherapy treatment(1) . 

Furthermore, another agent fre-
quently associated with left ventric-
ular dysfunction is an anti-HER2 
monoclonal antibody: trastuzumab, 
which, although it causes function-
ally reversible cardiotoxicity in most 
cases, can be clinically significant 
and dangerous when administered in 
combination with or sequentially af-
ter anthracyclines(7) .

Other non-pharmacological ther-
apeutic modalities, such as thoracic 
radiation therapy, are also associated 
with the development of cardiovas-
cular conditions such as coronary 
artery disease, valvular heart disease, 
restrictive cardiomyopathy, and con-
strictive pericarditis(9) . When older 
techniques for ionizing radiation ex-
posure were used to treat neoplasms, 
the doses were significantly higher 
and associated with a greater risk of 
mortality. Currently, modern tech-
niques have considerably reduced car-
diac exposure; however, there remains 
a significant residual risk that poses 
a danger to these patients, especially 
those with preexisting cardiovascular 

risk factors(10-11) .
Consequently, there is a growing 

need to develop protocols that re-
inforce the prevention, early assess-
ment, and proper management of 
cardiovascular complications arising 
from cancer treatment, with an em-
phasis on individualized risk stratifi-
cation before, during, and after breast 
cancer treatment, in order to promote 
comprehensive, longitudinal care 
for these patients(12) . Such actions 
should prioritize the systematization 
of strategies that promote integra-
tion between the fields of cardiology 
and oncology, with an emphasis on 
pre-treatment cardiovascular assess-
ment and continuous monitoring us-
ing sensitive biomarkers and imaging 
studies of the cardiovascular system(1).

 Therefore, this article aims to 
review the available literature on in-
creased cardiovascular risk in patients 
with breast cancer, discussing the 
pathophysiological mechanisms in-
volved, the main cardiotoxic agents, 
modifiable risk factors, and preven-
tion and monitoring strategies, with 
the goal of providing a basis for clin-
ical management and new strategies 
that may reduce cases of cardiac dys-
function in patients with breast can-
cer and post-treatment survivors.

METHOD

This study is an integrative litera-
ture review, which allows for a com-
prehensive synthesis of the scientific 
knowledge produced on a specific 
topic based on the analysis of previ-
ously published studies with different 
methodological designs.

The literature search was conduct-
ed in electronic databases such as 
PubMed/MEDLINE, the Scientific 
Electronic Library Online (SciELO), 
and Europe PubMed Central (Europe 
PMC), as these are internationally 
recognized repositories that provide 
extensive coverage of the literature in 
the fields of oncology and cardiology 

and make full-text articles available 
free of charge. The search terms used 
were indexed in the Health Sciences 
Descriptors (DeCS), employing the 
following combined search strategy 
of keywords and Boolean operators: 
(“Breast Cancer” AND “Cardio-
vascular Risk Factors”) OR (“Breast 
Cancer” AND “Cardiovascular Risk 
Factor”). The Boolean operators 
AND and OR were used to broaden 
the search’ nd sensitivity and select 
the largest possible number of rele-
vant publications, including studies 
in Portuguese and English.

Regarding eligibility criteria, stud-
ies classified as meta-analyses, system-
atic reviews, and randomized con-
trolled trials were included, as they 
represent the highest levels in the hi-
erarchy of scientific evidence regard-
ing cardiovascular risk and cardiotox-
icity in patients diagnosed with breast 
cancer, with the full text available for 
access in its entirety and published 
through the year 2026, with no re-
striction on the initial publication 
date. Excluded were opinion pieces, 
editorials, letters to the editor, case 
reports, and conference abstracts, as 
well as publications that did not ad-
dress the association between breast 
cancer and cardiovascular risk, stud-
ies without full-text availability, and 
duplicate publications identified in 
more than one database.

The database search strategy re-
sulted in a total of 102 identified 
publications, with 17 retrieved from 
PubMed/MEDLINE, 14 from the 
Europe PMC repository, and 15 from 
the SciELO platform. The analysis 
began with a review of the titles, fol-
lowed by the abstracts; subsequently, 
the full texts of the preselected arti-
cles were read to confirm eligibility, 
resulting in the final inclusion of 46 
articles. The PRISMA (Preferred Re-
porting Items for Systematic Reviews 
and Meta-Analyses) model was used 
to construct the selection flowchart, 
in order to visualize each stage of the 
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study screening process (Figure 1).
In addition, the studies were sub-

sequently synthesized narratively 

and analytically, grouping them by 
thematic similarity to identify con-
vergences, divergences, and gaps in 

knowledge regarding cardiovascular 
risk in patients undergoing treatment 
for breast cancer.

Figure 1 - Flowchart for the selection of articles on cardiovascular risk in patients with breast cancer.

Source: Prepared by the authors (2026).
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RESULTS

The analyzed articles reinforce 
that women with breast cancer have a 
higher risk of morbidity and mortali-
ty than the general population(13) . Ng 
et al. (2024) conducted a meta-anal-
ysis that examined approximately 
136 studies on breast cancer cases in 
16 countries and demonstrated that 
mortality from cardiovascular disease 
is significantly higher than in the rest 
of the population, with variations de-
pending on the type of neoplasm and 
the diagnosed cardiovascular out-
come(14) . Among all comorbidities 
and clinical outcomes, cardiovascular 
diseases were identified as the leading 
cause of death not associated with 
cancer itself(14) . Furthermore, another 
systematic review included data from 
14 articles that found that the risk of 
death from cardiac causes among can-
cer patients is consistently higher than 
that observed in the general popula-
tion, with elevated rates particularly 
among those undergoing cardiotoxic 
treatments and with pre-existing car-
diovascular risk factors(4) .

Moreover, although therapeutic 
advances have prolonged the surviv-
al of women with breast cancer, this 
change has led to the current situa-
tion where heart disease is the leading 
cause of death in this population, with 
an increased and more pronounced 
risk in the first few years after diag-
nosis and remaining consistently high 
in the following years(5) . These find-
ings are consistent with the results 
reported by Guan et al. (2021), who 
state that increased breast cancer sur-
vival prolongs exposure to the delete-
rious effects of treatments on cardio-
vascular health, making continuous 
monitoring and follow-up of cardiac 
function a necessity both during ac-
tive chemotherapy and during remis-
sion(15) .

In addition to the influence of 
therapeutic exposure, modifiable and 
non-modifiable risk factors exert a 

significant effect on cardiovascu-
lar outcomes and the clinical prog-
nosis of women with breast cancer. 
Among the modifiable risk factors, 
a diagnosis of metabolic syndrome 
was identified as a key determinant in 
increasing cardiovascular risk; thus, 
the overlap between the criteria for 
metabolic syndrome (central obesi-
ty, dyslipidemia, hypertension, and 
hyperglycemia) and the cardiotoxic 
effects of therapies are factors that 
synergistically reinforce one another, 
contributing to increased cardiovas-
cular risk. Thus, studies examining 
the relationship between these two 
conditions have found that the prog-
nosis for patients with concurrent 
diagnoses of cancer and metabolic 
syndrome is worse from both an on-
cological and cardiovascular perspec-
tive, highlighting the importance 
of screening and early interventions 
for both(16) . Furthermore, metabolic 
changes resulting from chemotherapy 
and hormonal treatments can induce 
or exacerbate the criteria that charac-
terize metabolic syndrome, contrib-
uting to the development of a vicious 
cycle between cardiovascular risk and 
cardiotoxicity(16-17) .

Other modifiable risk factors 
should be considered relevant to the 
cardiovascular risk of cancer patients, 
particularly with regard to their life-
style. Thus, a high-risk profile can be 
characterized by a high prevalence of 
physical inactivity, poor diet, over-
weight, obesity, hypertriglyceridemia, 
and smoking. When combined with 
cardiotoxicity resulting from an-
ticancer treatments—particularly 
hormone therapy—this set of fac-
tors contributes to an increased risk 
of adverse cardiovascular outcomes 
during multidisciplinary follow-up(18) 
. Among these, obesity stands out as 
an independent risk factor for the de-
velopment of heart failure in cancer 
patients, as it modulates the response 
of cardiac muscle tissue to the action 
of anthracyclines and trastuzumab; 

thus, for every 1 kg/m2  in Body Mass 
Index, there is a 7% increase in this 
risk(19) .

Among the interventions of great 
importance for reducing cardiovascu-
lar risk in this population, associated 
with modifiable risk factors, are: reg-
ular and structured physical activity, 
dietary changes, weight control, and 
smoking cessation, since these have a 
cardioprotective effect by improving 
left ventricular function and reducing 
cardiovascular risk markers in wom-
en who adopt heart-healthy lifestyle 
changes before, during, and after can-
cer treatment(20-21) . Similarly, control 
of systemic hypertension (SH) is an 
important factor in managing cardio-
vascular risk, as SH is a pre-treatment 
predictor of cardiotoxicity that may 
result from chemotherapy associat-
ed with uncontrolled blood pressure 
levels, particularly in patients with re-
ceptor-negative breast cancer(22) .

In addition to these factors, it is es-
sential to consider the effects of can-
cer treatment in menopausal women, 
since declines in estrogen levels are 
associated with endothelial dysfunc-
tion, atherogenic dyslipidemia, and 
loss of arterial elasticity—mecha-
nisms that increase the long-term risk 
of cardiovascular events in postmeno-
pausal women(11,23) .

Among anticancer drugs that in-
duce cardiovascular toxicity, anthra-
cyclines stand out due to their cumu-
lative effects and association with risk 
factors such as advanced age, hyper-
tension, diabetes mellitus, and obesi-
ty, as well as the concomitant use of 
other cardiotoxic agents, such as tras-
tuzumab(24) . Among the pathophysi-
ological mechanisms involved in the 
adverse effects of anthracyclines are: 
the generation of reactive oxygen spe-
cies, inhibition of topoisomerase II 
beta leading to double-strand breaks 
in the DNA of cardiomyocytes, pro-
gressive cellular apoptosis, mitochon-
drial dysfunction, and fibrosis, which 
result in the development of irrevers-
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ible, dose-dependent dilated cardio-
myopathy(25) . Within this drug class, 
doxorubicin is identified as a cause 
of symptomatic heart failure, espe-
cially at doses above 400 to 500 mg/
m², with a higher likelihood of oc-
currence in patients with risk factors 
present prior to treatment(25) .

Although anthracyclines pose a 
certain risk to patients undergoing 
this therapeutic approach, there are 
strategies that can mitigate these 
risks, such as selecting other, less car-
diotoxic agents from the same class, 
using a longer infusion regimen, re-
ducing the administered dose, and 
using liposomal formulations—with 
clinical benefits in this population 
widely discussed in the literature(8,26) 
. Furthermore, these cardiotoxic ef-
fects may manifest late, even decades 
after treatment, which underscores 
the importance of prolonged and 
continuous monitoring of ventricular 
function in female breast cancer sur-
vivors, with a peak in these cumula-
tive incidents occurring 1 year after 
treatment with anthracyclines(27) .

In addition to hormonal thera-
pies, there are anti-HER2 therapies, 
such as trastuzumab, a monoclonal 
antibody targeting HER2 receptors 
that is widely associated with early 
treatment-related cardiotoxicity; un-
like anthracycline-induced cardiomy-
opathy, this condition is reversible, 
not dose-dependent, and managed 
by discontinuing the medication and 
providing conventional treatment 
for heart failure(28). The incidence 
of symptomatic heart failure caused 
by this agent ranges from 1% to 4%, 
with approximately 10% of patients 
presenting a clinically significant left 
ventricular ejection fraction (LVEF)
(28) . The risk factors most strongly 
associated with this outcome include 
prior exposure to anthracyclines, 
advanced age, a diagnosis of hyper-
tension, and a baseline reduction in 
LVEF; the sequential or concomitant 
use of anthracyclines and trastuzum-

ab is characterized as the scenario 
with the highest cardiovascular risk, 
in which the rate of cardiac dysfunc-
tion can reach up to 27% of cases(29) 
. Among monitoring options, regular 
echocardiography can aid in identi-
fying and preventing the progression 
of subclinical heart failure to clinical 
and symptomatic heart failure, with 
evidence that this diagnostic modal-
ity supports the early treatment of 
reduced LVEF using beta-blockers 
and angiotensin-converting enzyme 
inhibitors(29) .

Aromatase inhibitors (AIs) are 
used as adjuvant therapy for hor-
mone-receptor-positive breast cancer; 
however, they may exert a cardiotoxic 
effect by suppressing serum estrogen 
levels, which deprives the endothe-
lium and myocardium of the cardio-
protective effects of this hormone(30) 
. Thus, the use of AIs is associated 
with an increased risk of high-mor-
tality cardiovascular events, such as 
stroke and heart failure, primarily 
due to their deleterious effects on the 
lipid profile—including increased 
LDL cholesterol concentrations and 
reduced HDL levels—as well as the 
inhibition of the vascular response 
to the development of atherosclero-
sis(30) . In comparison, tamoxifen has 
protective effects on the lipid pro-
file; however, it poses a higher risk of 
thromboembolic events than AI(31) . 
Furthermore, prolonged use of AI for 
more than 5 years is associated with a 
higher cumulative incidence of coro-
nary artery disease and ischemic cere-
brovascular diseases in female breast 
cancer survivors(32-33) .

For the treatment of locally ad-
vanced and/or metastatic hormone 
receptor-positive, HER2-negative 
breast cancer, CDK 4/6 (cyclin-de-
pendent kinases 4 and 6) inhibi-
tors—such as palbociclib, ribociclib, 
and abemaciclib—are often used, 
representing significant therapeutic 
advances in cancer treatment. How-
ever, recent evidence highlights their 

cardiotoxic potential, with import-
ant differences in the safety profile 
among these three agents. Ribociclib 
is one of the most widely used agents 
and stands out for reducing the risk of 
mortality; however, it has been asso-
ciated with a higher risk of abnormal-
ities in cardiac electrical activity, such 
as QT interval prolongation, while 
palbociclib has demonstrated a safer 
profile but has been associated with 
an increased risk of thromboembolic 
events(34) . 

Furthermore, the cardiovascular 
event most commonly associated 
with the use of this class of antican-
cer drugs was hypertension, partic-
ularly when CDK 4/6 inhibitors are 
combined with endocrine therapy, 
which directly influences the multi-
disciplinary team’s decision regarding 
electrocardiographic and blood pres-
sure monitoring during their admin-
istration(31,34) .

Therapeutic radiation therapy is a 
treatment modality of great impor-
tance for overall survival and progres-
sion-free survival, commonly com-
bined with chemotherapy; however, 
its potential to cause cardiovascular 
damage is widely discussed in the 
literature. The pathophysiological 
mechanisms involved in cardiotoxic-
ity resulting from exposure to radia-
tion therapy stem primarily from its 
effects on endothelial inflammation, 
myocardial fibrosis, and the forma-
tion of atherosclerotic plaques, lead-
ing to the development of cardiovas-
cular conditions such as coronary 
artery disease, constrictive pericardi-
tis, valvular heart disease, and restric-
tive cardiomyopathy(10) .

Compared to conventional tech-
niques, more modern radiation treat-
ment plans, such as intensity-mod-
ulated radiation therapy (IMRT) 
and deep inspiration breath-holding 
(DIBH), have yielded significant re-
sults in reducing the average cardiac 
dose, especially for patients under-
going treatment for left-sided breast 
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cancer(35) . The risks of cardiac com-
plications, such as coronary athero-
sclerosis, related to radiation thera-
py can occur up to 5 years later and 
persist for about 30 years after com-
pletion of onc y treatment(11) . Thus, 
transthoracic echocardiographic eval-
uation is among the strategies for pre-
venting and monitoring myocardial 
complications, particularly in asymp-
tomatic patients or those at high car-
diovascular risk who have undergone 
thoracic irradiation(36) .

Given the challenges in preventing 
complications, current strategies for 
the early detection of cardiac dysfunc-
tion include monitoring cardiac func-
tion by measuring the left ventricular 
ejection fraction(37) . High-sensitivity 
troponin T and I and B-type natri-
uretic peptide (BNP/NT-pro-BNP) 
are highly relevant markers for pre-
dicting cardiovascular events, since 
even small elevations may indicate 
ventricular dysfunction over an aver-
age period of 12 months, even in the 
absence of clinical manifestations(38) 
. Additionally, global longitudinal 
strain (GLS)—a measure of cardiac 
function obtained via speckle-track-
ing echocardiography—can also aid 
in the early detection of subclinical 
cardiac dysfunction, as it provides an 
early window of opportunity for the 
use of cardioprotective medication; 
however, the data are still insufficient 
to affirm its superiority compared to 
the conventional measurement of left 
ventricular ejection fraction (LVEF) 
(37) . In contrast, initiating cardio-
protective treatment after detecting 
changes in GLS significantly reduced 
the decline in LVEF to normal levels 
(37) . A relative reduction of more than 
15% in GLS indicates that myocardial 
cells are under stress and have reduced 
contractile deformability; even in the 
absence of a significant decline in 
LVEF, this value should be considered 
a warning sign of cardiotoxicity(37) .

Therefore, the importance of strat-
egies such as early multimodal car-

diac evaluation, a multidisciplinary 
and integrated approach to cancer 
treatment, and cardiovascular risk 
management in women with breast 
cancer must be emphasized, particu-
larly with regard to early detection, 
timely and evidence-based interven-
tion, and strengthening communica-
tion between the fields of cardiology 
and oncology during the follow-up of 
these patients(39) . Among the strate-
gies that can be implemented by car-
diology and oncology professionals 
are pre-treatment cardiac evaluation, 
individualized risk stratification, and 
cardiovascular monitoring during 
cancer treatment—even when re-
sources and access to specialists are 
limited—in order to establish a care 
framework focused on preventing ad-
verse cardiovascular events(40-41) . 
DISCUSSION

The articles reviewed in this inte-
grative review demonstrate that the 
increased cardiovascular risk in wom-
en with breast cancer is a multifacto-
rial phenomenon, relevant to patient 
prognosis and recognized as one of 
the leading causes of morbidity and 
mortality in this population. Further-
more, it has been consistently stated 
that the mechanisms of action of on-
cological therapeutic methods and 
their interactions, preexisting cardio-
vascular risk factors, and metabolic 
changes resulting from neoplasms 
constitute a complex foundation for 
reduced survival in these patients, 
contributing to increased cardiac risk 
throughout follow-up and even de-
cades after treatment ends.

	 Therefore, to understand the 
effects of cancer therapy on the de-
velopment of cardiotoxicity, it is im-
portant to highlight the pathophysi-
ological mechanisms involved in this 
outcome. Among the main mecha-
nisms of cardiac toxicity are: the gen-
eration of reactive oxygen species, mi-
tochondrial dysfunction, activation 
of pro-inflammatory pathways and 

the release of cytokines and growth 
factors, and cellular apoptosis with 
gradual and irreversible loss of car-
diomyocytes, culminating in fibrosis 
and remodeling of the cardiac cham-
bers, as well as vasoconstriction and 
thrombosis, which lead to hypoper-
fusion, microvascular thrombosis, 
and ischemia-induced cell death(35,42) 
. Associated with this, damage to en-
dothelial cells promotes systemic vas-
cular dysfunction, which manifests as 
increased vascular permeability, accel-
eration of the atherosclerotic process, 
and an increased risk of cardiac isch-
emia. Such changes can lead to pro-
gression of the condition to dilated 
or restrictive cardiomy , arrhythmias, 
and sudden cardiac death, as well as 
electrocardiographic abnormalities 
such as QT interval prolongation and 
bradyarrhythmias(43) . 

Furthermore, it is important to 
differentiate between the types of 
cardiotoxicity and the influence of 
antineoplastic drugs on their de-
velopment. Type I cardiotoxicity is 
irreversible, dose-dependent, and 
cumulative, whereas type II cardio-
toxicity is reversible and not dose-de-
pendent; this distinction must be 
made clinically to enable safer and 
more accurate decision-making by the 
oncologyteam safer and more accu-
rate—both in guiding the selection of 
the most appropriate treatment regi-
mens and in interventions involving 
modifying, discontinuing, or restart-
ing treatment with a specific drug in 
the face of clinical signs of cardiovas-
cular compromise(8,26) .

Thus, studies have revealed the 
clinical implications of each thera-
peutic class used against breast can-
cer and their different mechanisms 
of cardiotoxicity. Anthracyclines act 
by inhibiting topoisomerase II beta 
in cardiomyocytes, inducing dou-
ble-strand DNA breaks and leading 
to progressive cellular apoptosis; 
thus, their deleterious effects result in 
a pattern of irreversible, cumulative, 

https://creativecommons.org/licenses/by/4.0/deed.pt
https://doi.org/10.36489/saudecoletiva.2026v18i111p20568-20589


Sousa ML, Rocha AF, Rosa SSRF, Rosa MFF, Brandão LCN
Innovation and Regulation of Medical Devices in Brazil: The Case of Rapha

20586   saúdecoletiva  •  2026; (18) N.111

Integrative Review

DOI: https://doi.org/10.36489/saudecoletiva.2026v18i111p20568-20589
Todo o conteúdo desse periódico, exceto onde está identificado, está licenciado sob uma Licença Creative Commons

dose-dependent, and delayed-onset 
cardiotoxicity(27) . These findings 
have broadened the perspective re-
garding the development of strategies 
for cardioprotection while preserving 
the efficacy of antitumor treatment, 
such as the use of dexrazoxane and 
liposomal anthracycline formulations 
with reduced penetration into the 
myocardium(27) .

Furthermore, aromatase inhibitors 
have also shown evidence of cardio-
vascular effects and the underlying 
cardiotoxic mechanism. These agents 
induce estrogen deprivation in wom-
en, since they are used to treat can-
cers with estrogen receptors (HER2 
receptors); thus, there are deleterious 
effects on lipid metabolism, endothe-
lial function, and arterial stiffness(30) 
. Therefore, these agents differ from 
the direct cardiotoxic mechanism of 
anthracyclines and trastuzumab, since 
the outcomes resulting from their 
administration develop secondarily 
and are clinically associated primari-
ly with postmenopausal women who 
have pre-existing cardiovascular risk 
factors and have been using hormone 
therapy for more than 5 years(30) .

Exposure of cardiac tissues to tho-
racic radiation therapy, even at mod-
erate doses of ionizing radiation, trig-
gers a cascade of damage that results 
in endothelial inflammation, myo-
cardial fibrosis, accelerated athero-
sclerosis, and valvular dysfunction, 
primarily in the pericardial tissue, 
coronary arteries, and left ventricle(10) 
. Furthermore, these effects manifest 
late, which poses a challenge for the 
early detection of such cardiovascu-
lar events; additionally, factors such 
as the overlap of cardiac symptoms 
with other health issues and the fact 
that cancer treatment and clinical 
follow-up are conducted in differ-
ent departments also hinder their 
recognition(10) . Currently, modern 
techniques such as deep-inspiration 
brachytherapy (DIBH) and inten-
sity-modulated radiation therapy 

(IMRT) offer a safer profile for can-
cer treatment; however, the residual 
risk remains clinically significant, 
especially in women with multiple 
cardiovascular risk factors, for whom 
even low doses of radiation to the 
myocardial tissue can lead to com-
plications and adverse outcomes(35) . 
Studies emphasize the importance of 
long-term cardiovascular surveillance 
through the implementation of struc-
tured protocols, including periodic 
examinations such as echocardiogra-
phy, exercise testing, and evaluation 
for cardiac ischemia, particularly 
among female breast cancer survivors 
who have previously undergone radia-
tion therapy—especially those treated 
in the left hemithoracic region, where 
the heart is more exposed(36) .

It is worth noting the importance 
of comparing scientific knowledge 
with clinical practice, since—even 
with evidence highlighting the pre-
vention and management of anth-
racycline-induced cardiotoxicity 
through the use of analog agents 
that are less harmful to the heart and 
through liposomal formulations—
long-term cardiac function monitor-
ing remains the most effective strat-
egy for preserving cardiac function 
in everyday clinical practice(44) . This 
finding demonstrates the growing 
need for specialists in the field of car-
dio-oncology to be able to detect the 
mechanisms of cardiotoxicity associ-
ated with antineoplastic drugs, since 
increasing therapeutic advances are 
directly linked to a broader spectrum 
of cardiovascular complications re-
quiring monitoring in women under-
going treatment for breast cancer(45) 
. The proposed multidisciplinary 
approach is based on the early detec-
tion of cardiac impairment through 
biomarkers and imaging tests, preven-
tion through the monitoring of mod-
ifiable risk factors before, during, and 
after treatment, and the management 
of symptomatic cardiac dysfunction 
with beta-blockers, angiotensin-con-

verting enzyme inhibitors, and an-
giotensin receptor blockers, with the 
goal of ensuring the feasibility of can-
cer treatment with minimal impair-
ment to cardiac function(7) .

Furthermore, continuous mon-
itoring should also extend to the 
post-treatment period, since cardio-
vascular risk is not limited solely to 
the period of exposure to anticancer 
agents but also persists over the sub-
sequent years. Of particular note are 
the components of metabolic syn-
drome—a common risk factor among 
female breast cancer survivors—
which create an adverse cardiometa-
bolic environment that synergistically 
interacts with the damage induced by 
the use of anthracyclines, trastuzum-
ab, and radiation therapy, resulting in 
a progressive and cumulative cardio-
vascular risk that can persist for years 
after treatment ends(16) . In addition 
to metabolic syndrome, early meno-
pause induced by certain anticancer 
agents, such as aromatase inhibitors, 
is also an additional risk factor due to 
the metabolic changes caused by this 
state of hypoestrogenism(17) .

Therefore, it is emphasized that 
the most effective and promising 
strategy for reducing morbidity and 
mortality in this population segment 
must be based on patient-centered 
and individually tailored care models, 
with nd follow-up planning based on 
the type of therapeutic exposure and 
each woman’s previous and current 
cardiovascular conditions. Further-
more, continuous monitoring and 
follow-up methods should be com-
bined with structured intervention 
programs that incorporate lifestyle 
modification strategies, screening for 
metabolic syndrome, serial cardio-
vascular assessment, and the main-
tenance of effective communication 
among the different sectors and 
services involved in these women’s 
healthcare, whether in primary care 
or specialized settings(46) .

Among the limitations of this 
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study, the differing methodologies 
across the collected articles stand 
out—ranging from randomized clin-
ical trials and systematic reviews to 
observational cohort studies—which 
may influence comparisons of results 
and limit the drawing of conclusions 
regarding the magnitude of the cur-
rent epidemiological landscape of car-
diovascular complications in women 
with breast cancer. Furthermore, the 
definition of cardiotoxicity across the 
articles proved to be heterogeneous 
and variable, with differences also 
observed in the assessment methods 
used to measure cardiac function and 
in the follow-up periods suggested by 
the authors.

Therefore, future studies should 
prioritize the development of accu-
rate predictive models for cardiovas-
cular risk analysis in patients with 
breast cancer, as well as address the 
impact of cardioprotective interven-
tions in patients at high cardiac risk, 
in addition to conducting longitu-
dinal studies spanning more than 20 
years of periodic evaluation of female 
breast cancer survivors.

CONCLUSION

This integrative literature review 

confirmed, based on scientific evi-
dence of high methodological quality, 
that the increased cardiovascular risk 
in patients with breast cancer consti-
tutes a significant, multidimensional 
clinical and h y problem of growing 
relevance in the context of cancer 
care. 

	 The data collected demon-
strated that cardiovascular diseases 
are the leading causes of death unre-
lated to breast cancer in women pre-
viously diagnosed with the disease; 
thus, these conditions should not be 
investigated and treated independent-
ly, since they share common risk fac-
tors, interact with one another, and 
reinforce each other, in addition to 
being epidemiologically relevant as 
causes of morbidity and mortality in 
a population segment that has been 
showing progressively longer survival.

	 The synthesized evidence 
also confirms the need to implement 
structured cardio-oncology care pro-
tocols, integrating pre-treatment 
cardiovascular assessment, periodic 
monitoring using biomarkers and im-
aging methods during treatment, and 
post-treatment cardiovascular health 
follow-up. Therefore, to ensure min-
imal long-term cardiovascular effects 
and improve the quality of life for 

female survivors, cardiovascular risk 
stratification, early identification 
using cardiac biomarkers, and time-
ly cardioprotective management are 
urgently needed as strategies during 
breast cancer treatment. In addition, 
this underscores the importance of 
adopting comprehensive, longitudi-
nal, and patient-centered care mod-
els that integrate the perspectives of 
cardiology and oncology, with a focus 
on multidisciplinary collaboration 
among the patient support team.

	 Therefore, the results of this 
study demonstrate that cardiovascu-
lar risk in patients with breast cancer 
is significant, measurable, clinically 
relevant, and modifiable through ear-
ly interventions and individualized 
treatment. The evidence shows that 
a fragmented and isolated approach 
is ineffective and poses a risk of lead-
ing women with breast cancer toward 
worse outcomes and an unfavorable 
prognosis. For this reason, the es-
tablishment of the specialty of car-
dio-oncology—with well-established 
protocols and a trained, multidisci-
plinary, and “ ” team—is essential for 
the integrated management of these 
patients and their varying risk pro-
files.
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